The effects of arginine vasopressin (AVP) on the cytosolic free calcium concentration (ICa"2jf) receptor coupled to adenylate cyclase, and a VI receptor system that leads to the mobilization of cytosolic calcium, coupled through a pertussis toxin substrate (G protein) to a production of inositol phosphates.
Introduction
The action of vasopressin (VP)' to regulate water and sodium transport in the kidney has been largely linked with the cAMP 1 . Abbreviations used in this paper: AVP, arginine vasopressin; [Ca+2]f, cytosolic free calcium; CT, collecting tubules; d(CH2)5Tyr(Me)AVP, [ 1 -(beta-mercapto-beta-beta-cyclopentamethylene propionic acid), 2-(O-methyl)tyrosine] Arg8-vasopressin; dDVP, l-deamino-8-o-arginine vasopressin; FITC-PNA, peanut lectin isothiocyanate; G, guanine messenger system through the activation of the V2 receptor and adenylate cyclase activity (1) (2) (3) . In the liver, vascular smooth muscle, and glomerular mesangial cells the action of VP has been linked to the activation of the VI receptor and phospholipase C activity responsible for the breakdown of phosphatidylinositol-4,5-biphosphate (PIP2) to inositol 1,4,5-trisphosphate (IP3) and diacylglycerol with the resultant mobilization of calcium and activation of protein kinase C, respectively (4) (5) (6) (7) (8) .
In the renal tubules from the medulla indirect evidence indicates the presence of both VP receptors (9). The presence of many cell types in the kidney, however, has complicated the direct investigation of the action of VP in specific cell types.
Recently, both VI and V2 receptor-dependent action of VP has been demonstrated in LLC-PKI cells, an established cell line of renal origin, raising the possibility of two receptors coexisting on the same cell (10, 11). Although LLC-PK1 cells provide a useful model for transport and signal transduction studies (6, 12) , ambiguity in the nephron site of origin and the constant concern that transformed cell lines undergo phenotypic changes make the physiological significance of the observation unclear.
The aim of the present study was 
Isolation ofthe RCCT cells
To isolate relatively large numbers of virtually pure populations of RCCT cells, solid-phase immunoadsorption technology using monoclonal antibodies directed against cell surface antigens was used (13) (14) (15) . Briefly, kidneys from 4-6-wk-old New Zealand white rabbits were removed, cortical tissue was dissected out, diced finely, and transferred to a 50-ml tube containing 0.1 % collagenase in simplified saline solution (SSS; composition in millimolars: 145 NaCl, 5 KCI, 1 Na2HPO4, 0.5 MgCl2, 5 glucose, 10 Hepes, 1 CaC12, pH 7.4), and incubated 30-45 min at 370C in a shaker water bath. To remove collagenase the cell suspension was centrifuged at 1,000 g for 10 min, red blood cells were lysed with hypotonic saline (0.2%, 30 s), the sus- Cells were loaded with 2 AM Indo-l/AM as described for fura-2/ AM and aliquots overlaid on 35-mm culture plates that had been modified to have a 10-mm diameter hole drilled in the bottom. A glass cover slip was cemented over the hole for use in the ultraviolet range. An area was chosen at random and several cells were scanned for the fluorescence at two wavelengths. After basal calcium concentration was obtained (2-3 scans) AVP was added and the scanning continued.
The ratio of F405/F485 was calculated for each cell and calcium concentration was derived from a standard curve that was generated using free acid Indo-1, I mM EGTA, 115 mM KCI, 20 mM NaCl, 1 mM MgSO4, 10 mM 3-[N-morpholino] propane sulfonic acid, and varying concentrations of the Orion calcium standard. Total added calcium was converted to free calcium by a double quadratic formula where both Indo-l and EGTA are interacting (Wade, M. H., and J. F. Holland, manuscript in preparation).
To determine whether the principal or the intercalated (mitochondria-rich) cells were responsible for the observed increase in [Ca"2]f after AVP, peanut lectin isothiocyanate (FITC-PNA) which binds specifically to the intercalated cells (17) was added to the cell suspension during the last 20 min of incubation with Indo-1/AM. In those experiments the area scanned for Indo-1 fluorescence was also scanned using ACAS 470 interactive laser cytometer for FITC-PNA fluorescence at 488 nm excitation and emission at 515 nm and above.
Inositol phosphates production
Freshly immunodissected RCCT cells were suspended in 5 ml of medium 199 containing 200 mM glutamine, 0.5 mg/ml insulin, 0.34 mg/ml thyroid hormone, and 4 MM dexamethasone, and incubated with 15 MCi of myo[3H]inositol for 5 h at 37°C. Cells were centrifuged, resuspended in 10 ml of Hepes/Li buffer (concentration in millimolar: 4.7 KC1, 0.5 EDTA, 13 glucose, 20 Hepes/acid, 1.2 KH2PO4, 1.2 MgSO4, 58 NaCl, 60 LiCl, 1.5 CaCl2), and incubated for 15 min in a 37'C water bath. Cells were centrifuged again, resuspended in fresh Hepes/Li medium, and aliquoted (0.4 ml) into assay tubes. AVP (106 M) was added to the experimental tubes and controls received equal volume (0.1 ml) of Hepes/Li buffer. Cells were incubated in a 37°C shaking water bath for a specified time period and reaction was stopped with 0.5 ml of ice-cold 12% TCA. Vials were then frozen at -800C. Inositol phosphates were determined using the method described by Berridge et al. (18) . Briefly, cells were defrosted, centrifuged for 2 min, and the supernatant separated for measurements of inositol phosphates using AG-1X8 resin columns (formate form, 200-400 mesh; Bio-Rad Laboratories, Richmond, CA). Inositol-l-phosphate (IP,) was eluted with 200 mM ammonium formate/100 mM formic acid, inositol-1,4-biphosphate (1P2) with 400 mM ammonium formate/100 mM formic acid, and IP3 with 1 M ammonium formate/100 mM formic acid. The pellet was resuspended in 0.5 ml solution containing 1 mM KCl, 10 mM myo-inositol, and 0.5 ml chloroform for phosphoinositide (lipid) measurement. The results were calculated as counts per minute of [3H]inositol phosphates/counts per minute 3H-lipids, and were expressed as percent change from appropriate control.
PT treatment RCCT cells were isolated as described above and suspended in 2 ml of SSS. Half of the cell suspension was incubated in SSS with 10 Mg/ml of PT and 0.1% BSA, while the other half was incubated with a vehicle and served as time control. Cells were incubated for 2,4, or 6 h at 370C with continuous shaking. 40 min before the end of incubation 4 gM fura-2/AM was added and the incubation continued. At the end of the incubation period cells were washed in fresh SSS several times and
[Ca+2]f and cAMP production were determined as described above.
Statistical methods
Results are expressed as mean±SE. The n indicates number of independent isolations. Where indicated, the significance of differences between control and effector-treated cells was determined by the use of the analysis of variance. (Fig. 1) . In a representative tracing (Fig. 1) 10-" M AVP had no effect on nM. This effect was rapid (within 10 s) and transient, returning to basal levels within a few minutes (Fig. 2, top) . The removal of extracellular calcium (3 mM EGTA) reduced the basal nM and was considerably higher than the ED50 for AVP-induced cAMP production for these cells (0.1 nM) (Fig. 3 ).
Results

Effects
To determine whether the AVP-induced increase in [C(+2]f is linked to either the V, or V2 receptor, the effects of a selective V, antagonist, d(CH2)5Tyr(Me)AVP, and a V2 agonist, dDVP, on cAMP production and [Ca if were examined. As before, the addition of AVP to cell suspensions increased both cAMP production and the [Ca+2If (Fig. 4 and Fig. 5 , top, respectively). dDVP (10-6 M), which increased cAMP production (Fig. 4) , did not have any effect on basal [Ca+2]f or AVPstimulated [Ca+ir (Fig. 5, middle) , while d(CH2)5Tyr(Me)AVP (l0-5 and 10-6 M), which had no effect on cAMP production (Fig. 4) and did not affect basal [Ca+ir, completely inhibited AVP-induced increase in [Ca 2Jf (Fig. 5, bottom) . SSS, which served as a vehicle, had no effect on [Ca+2Jf (Fig. 5, top by a small decline at 30 s (17% over the control) followed by a continuous increase over the next 5 min (56% increase). A subsequent peak was observed at 15 min (53% increase). The increases in IP2 were similar to those in IP3 production but lower in magnitude (Fig. 6, middle) . Unilike the rapid increases in IP3 and IP2 observed in the first 10. s after AVP, a small decline in IP1 production was observed in the first 60 s, followed by a gradual increase over the next 20 min (Fig. 6,  bottom) . A similar oscillatory pattern in inositol phosphate production was observed in three additional experiments in which the three metabolites were not separated (data not (19) .
It has now been accepted that some calcium-utilizing pathways are mediated by the membrane GTP binding protein regulated phospholipase C activity. In this scheme, the agonist-receptor interaction results in GTP binding to the alpha subunit of a G protein, activating phospholipase C to cleave PIP2 to IP3 and diacylglycerol, and a subsequent increase in [Ca+2]f and kinase C activity, respectively (20, 21) . The support for the involvement of GTP-binding protein comes predominantly from studies using PT, a specific modifier of some G proteins, which, as a result of ADP-ribosylation of the alpha subunit of G protein, inhibits the ability of some Ca`2 mobilizing agonists to promote PIP2 hydrolysis (20, 21) .
Whereas in the liver AVP induced PIP2 breakdown, and IP3 In summary, these results demonstrate that cells of the cortical CT possess two distinct receptor systems for VP, the well-known V2 receptor coupled to adenylate cyclase, and a PT-sensitive VI receptor system that leads to the mobilization of cytosolic calcium through a G protein coupled to phospholipase C-dependent production of inositol phosphates. The two types of VP receptors of the CT appear to be colocalized on the principal cell.
